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ABSTRACT Anopheles sacharovi, the main human malaria vector in Turkey, has been maintained in our
laboratory by feeding on anesthetized rabbits for about 20 years but it is a difficult species to colonize and
bloodfeed. To eliminate the need for keeping and using live rabbits to supply blood meals, artificial bloodfeeding
methods with suitable membrane apparatus were investigated. The feeding apparatus designed by the World
Health Organization and 3 other types designed by us (for feeding on preserved human blood) were tested.
Artificial riembranes (Iatex and puiuffin film) and locally produced and dried calf intestine were used. The calf
intestine membrane gave the best feeding results and a modified apparatus designated type III was the most
successful. This apparatus was preferabl- for the artificial feeding of An. sacharovi because it has a small
reservoir, is easy to use, is adaptible to different feeding conditions, and supports reasonably high bloodfeeding
rates 44.4-50.570 as compared to 35Vo on live rabbits.
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INTRODUCTION
Short-term colonization of Anopheles sacharovi
Favre, the main human malaria vector in Turkey
(Kasap 1990), was previously attempted in Italy
(Coluzzi 1964) and Germany (Weyer 1965). In Qu-
kurova University, a colony (TBADA) was sta"rted
in 1979 with collections from Hrdrrh Village, Ada-
na, Turkey (Kasap and Kasap 1983), and was sus-
tained successfully until the present by feeding on
anesthetized rabbits.
For most mosquito species, including An. sa-
charovi, bloodfeeding is essential for the produc-
tion of viable eggs. Although it is possible to blood-
feed mosquitoes on human volunteers (Bailey et al.
1978), bloodfeeding on laboratory animals has
some definite advantages. The use of live animals
means that the blood is available in a natural con-
dition, at the correct temperature, and with natural
feeding cues. Disadvantages include accidental dis-
ease transmission and hypersensitivity to mosquito
bites (Bailey et al. 1978). In addition, animal main-
tenance can be costly.
Because of these disadvantages, mosquito colo-
nies have been fed blood via artificial membranes,
which vary from bat wing skin to latex condoms
(Weyer 1965, Bailey et al. 1978, Wirtz and Rut-
ledge 1980, Benzon and Apperson 1987, Hagen
and Gruneweld 1990, Novak et al. 1991). Feeding
success depends on the variables inherent to the
artificial feeding systems and the mosquito species.
We designed 3 different membrane feeding sys-
tems and used different human blood types to ex-
plore the most suitable conditions for artificially
feeding An. sacharovi on a small volume of pre-
served human blood.
MATERIALS AND METHODS
Test mosquito specimens were from the TBA-
DA colonies and heparinized human blood was
provided from the Blood Bank at Qukurova Uni-
versity Hospital. Because of difficulties encoun-
tered in stabilizing the temperature of both the
blood and the membrane with the World Health
Organization feeding apparatus (WHO 1975), 3
types of glass apparatus were generated and eval-
uated.
Apparatus type I (Fig. lA): The support base
of a graduated glass cylinder of l-liter volume
was cut off, then a glass funnel with a rim the
same size as the circumference of the cylinder
was placed inside the cylinder, and the overlap-
ping rims of the funnel and the cylinder were
joined by melting. The neck of the funnel was
extended with a glass tube to the top of the cyl-
inder. The mouth of the funnel was covered with
an art i f ic ial membrane.
The extended neck of the funnel served to fill
the funnel reservoir with blood and to measure
the temperature of the blood and of the mem-
brane. Temperature of the membrane was mea-
sured by touching the membrane with the ther-
mometer inserted through the blood. Blood was
agitated with plastic tubing inserted through the
neck and connected to an aquarium air pump
(Trumpif@; Tropikal Galeri, Izmir, Turkey). The
reservoir was filled with 1OO ml of heparinized
human blood and the surrounding cylinder was
filled with water and heated with an aquarium
thermostatic heater (Rena@; Tropikal Galeri).
Thus, a water jacket was created to heat the blood
reservoir inside the funnel. It proved difficult to
maintain a homogeneous temperature, for exam-
ple, when the membrane temperature reached
36'C, the water jacket surrounding the funnel res-
ervoir was 37.5"C, and upper parts of the water
surrounding the funnel neck were 42"C. Mem-
brane temperature did not remain stable.
Agitating both the water and blood with air bub-
bles from the aquarium air pump helped to stablize
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Fig. l. Three types of glass feeding apparatus.
the temperature. The membrane temperature was
maintained at -37.5"C when the water jacket tem-
perature reached -41-42"C. This required -45-60
min.
Heat loss from the calf intestine was about 5
times higher than with the other membranes. Thus,
to shorten the warming time, the blood was pre-
heated at 37"C in an incubator for 30 min before
pouring into the funnel (blood reservoir). This pro-
cess shortened the stabilized warming time by
about 5O7o.
Apparatus type II (Fig. lB): The appararus was
made of heat-resistant glass and contained a small
reservoir connected to 2 tubes, with one serving
as the inlet for blood filling and as the inlet for
blood agitation tubing from the air pump, the other
as the inlet for a thermometer to measure the tem-
perature of the blood and membrane. The reser-
voir was filled with 10 ml of heparinized human
blood. Water in the water jacket was heated with
an aquarium heater. Stabilization of membrane and
blood temperature was obtained as with the type I
apparatus.
Apparatus type III (Fig. 1C): In this system the
water inlet tube was located near the top of the
water jacket and the outlet tube was near the bot-
tom. The inner blood reservoir consisted of 3 cham-
bers with a larger inlet tube at the top for filling
with blood and measuring the temperature. The wa-
ter temperature and circulation were maintained
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with a water bath (Niive BM 102@; Niive Sanayi
Malzemeleri, Ankara, Turkey) that had a built-in
thermostatic heater and a circulation pump (Fig. 2).
This apparatus was used in series to bloodfeed the
colony in large cages (Fig. 2) or to bloodfeed a
small experimental group in a paper cup (Fig. 1C).
The reservoir of each apparatus was filled with l0
ml of heparinized human blood. To feed mosqui-
toes in large cages, the top of the cage was covered
with Plexiglas@ in which 3 holes were cut and that
were equipped with sliding doors. During feeding,
the sliding doors were open and the apparatus was
placed over the holes and connected to each other.
Distilled water was used to prevent calcification
in the water jacket. Before feeding, blood temper-
ature was adjusted to 37 + 0.5'C and membrane
temperature was adjusted to 35"C. Feeding time
was limited to t h.
RESULTS AND CONCLUSIONS
Preliminary experiments with apparatus type I
Apparatus type I was tried with 3 different mem-
branes and 3 blood groups to artificially feed An.
sacharovi and Anopheles superpictus Grassi. Col-
onies of these 2 mosquitoes already were adapted
to feed on cotton pads soaked in lOVo sugar solu-
tion. In the early experiments, lOVo sugar was avail-
able along with different membranes (latex, paraffin
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Type lll in Three Series
Fig.2. Type III bloodfeeding apparatus used in 3 series in breeding cages.
film, and calf intestine). Latex and paraffin film
were directly stretched over the basal orifice of the
apparatus, whereas the calf intestine was softened
and disinfected in absolute alcohol for 30 min be-
fore stretching. It was observed through repeated
trials that IOOVo of both species (held with 107o
sugar) fed on calf intestine, whereas none fed on
latex and paraffin film. Therefore, in the following
trials only calf intestine and heparinized human
blood were used and a mosquito with a full meal
was considered positively fed.
To understand the effect of age, cohorts of 3-,
4-, and 5-day-old females were selected and fed
Table 1. Feeding rates for different age groups of
Anopheles sacharovi with apparatus type I. The blood
used was heparinized human A Rht.
Age
Feeding rater
fed/total (Vo)
a lOVo sugar solution before bloodfeeding. For
comparison (control) mixed-age females were
sampled at random from the colonies. These fe-
males may have been previously fed on either a
rabbit or IUVo stgar solution. Calf intestine mem-
brane feeding results with these groups with ap-
paratus type I show differences but the overall
mean feeding rate (67.27o) was signiflcantly
higher than the mean feeding rate on a live rabbit
(357o: ^fable l) .
These experiments also show that An. sachar'
ovi fed best on the natural calf intestine mem-
brane. The freshness of the blood has no advan-
tage, even outdated preserved human blood
samples could be used provided cell lysis had not
occurred.
Bloodfeeding rates achieved with the different
types of apparatus with calf intestine and heparin-
ized human blood groups were significantly differ-
ent among the blood groups used with any type of
apparatus or among the types of apparatus when
using the same blood group except for O Rh+ (Ta-
ble 2). Despite more than 20 years of adaptation to
bloodfeeding on rabbits, the feeding rate of the col-
ony ofAn. sacharovi on rabbits was only 35Vo (Ta-
ble l); whereas another study (Kasap 1990) report-
ed that the bloodfeeding rate of the same colony on
human volunteers was 79.2Vo. Even though appa-
3 days
4 days
5 days
Subtotal
Mixed age and feeding history
Total
to/14 (7r.6)
19/28 (67.9)
s4t67 (80.6)
83tro9 (76.r)
44180 (55-0)
t27t189 (67.2)
'Bloodfeeding rate on caged or anesthetized rabbit was 14140
(35Vo\.
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Table 2. Feeding rates of 3- to 5-day-old female Anopheles sacharovi fed in 3 different membrane apparatuses with
different heparinized human blood groups.
Feeding rates with apparatust
Blood
groups
Type I
fedltotal (qo)
Type II
feiltotal (7o)
Type III
fed/total (Vo)
Type III in 3 series
fedltotal (7o)
A Rh+
A Rh_
o Rh+
Total
83/109 (76.1)
84/104 (80.7)
167/213 (78.4)
53/r2O (44.2)
27/77 (35.1)
67tr26 (s3.2)
141/323 (45.s)
103/236 (43.6)
74/188 (39.4)
19Ot313 (60.7)
367/731 (49.8)
3s/so (7o/o)
39t r t2  (34 .8)
2'7/37 (73.O)
r01 /199 (50 .8)
rValues are significmtly different mong the blood groups used with my type of apptratus or among the types of apparatus when
using the same blood group except for o Rh* (Kruskal-wallis test for I factoi, p < 0.05).
ratus type I showed the overall highest membrane
feeding rate (78.4Vo), we found that apparatus type
III may be preferable because it is very handy and
adaptable to various operations. Apparatus type III
required only 10 ml of human blood and produced
acceptable feeding rates (49.8Vo and 50.87o; Thble
2) and allowed for easier maintenance of mosquito
colonies.
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